Experimental Materials
For the synthesis of copper(I) iodide (CuI) deionized water (DI, Milli-Q), copper(II) acetate monohydrate (Sigma-Aldrich, ≥99%) and hydrogen iodide (VWR, 57%) were used as precursors.
For the preparation of the spin-coating solution, the synthesized CuI was dissolved in acetonitrile (VWR, 99.9%). The ITO (tin doped indium oxide) covered glass substrates were cleaned with acetone (VWR, 100%), 2-propanol (VWR, 100%) and DI water prior to use. For the electrochemical measurements, tetrabutylammonium hexafluorophosphate (Bu4NPF6, SigmaAldrich, ≥99%) in dichloromethane (DCM, VWR, 100%) was used as the electrolyte. Before the electrochemical measurements the electrolyte was dried using molecular sieves (3Å, 3-5 mm, Alfa Aesar, heat treatment at 140 °C for an hour).
Synthesis of CuI
Two solutions were prepared for the synthesis. Copper precursor solution was prepared by dissolving 2 g copper acetate in 400 cm 
Preparation of CuI Layers
The ITO coated glass substrates were sonicated in acetone, 2-propanol and DI water for 5-5 minutes and finally plasma cleaned for 10 minutes prior to use. The CuI layers were spin-coated from a 0.15 mol dm −3 CuI solution in acetonitrile. A dynamic coating procedure was used on 2.5 cm × 2.5 cm ITO substrates. Stock solution (50 l) was used for each slide, with a 1000 rpm spin speed for 1 minute (acceleration 1000 rpm). Immediately after spin coating, the layers were subjected to a drying step for 5 minutes at 50 °C on a hotplate. Afterwards the layers were annealed at 150 °C for 10 minutes. The average CuI loading was 29 ± 1.5 g cm −2 .
Electrochemical Measurements
All electrochemical experiments were performed with a Metrohm Autolab PGSTAT302 type potentiostat/galvanostat in a standard three-electrode setup. The ITO/CuI electrodes functioned as the working electrode, a platinum mesh or platinum wire as the counter electrode and a Ag/AgCl wire as a pseudo-reference electrode. All currents were normalized to the geometric surface area of the electrodes. All measurements were carried out in a 0.1 mol dm For the calculation of the Mott-Schottky plots, impedance spectra were recorded at different potential values in the 100 kHz to 0.1 Hz frequency range, using a sinusoidal excitation signal (10 mV RMS amplitude). Before each measurement, a pretreatment step was applied at the given potential for two minutes. The impedance spectra were measured starting from −0.2 V vs.
Ag/AgCl and were collected towards more positive potentials.
For the spectroelectrochemical experiments, an Agilent 8453 UV-visible diode array spectrophotometer was used in the range of 300-1100 nm. During the cyclic voltammetric measurement a sweep rate of 5 mV s −1 was applied in the given potential range.
Scanning Electron Microscopy
Top-down scanning electron microscopic images were captured using a FEI Helios NanoLab DualBeam instrument.
In situ Raman Spectroelectrochemistry
Raman measurements were carried out by a SENTERRA II Compact Raman microscope, using 532 nm laser excitation wavelength with a laser power of 2.5 mW and a 50× objective. In situ Raman spectroelectrochemistry was performed using an ECC-Opto-Std electrochemical cell (EL-CELL GmbH) equipped with a sapphire window, and a potentiostat/galvanostat (Metrohm Autolab PGSTAT204). The spectra were recorded after a 100 s potentiostatic conditioning at the given potential. As the working electrode in this specific setup is a platinum mesh, the layers were prepared by spray-coating. A 0.15 mol dm −3 solution of CuI in acetonitrile was spray-coated to the platinum mesh preheated to 150 °C.
Kelvin-Probe Microscopy Coupled UV Ambient Pressure Photoelectron Spectroscopy
Measurements were performed using a KP Technology APS04 instrument. First, the contact potential difference (CPD) was measured between the sample and the tip of the Kelvin probe after electric equilibrium was reached. The Fermi-level was calculated from this data. A 2 mm diameter gold alloy-coated tip was vibrated above the sample surface at a constant height (∼1 mm) and amplitude (0.2 mm), with a constant frequency (70 Hz). Ambient pressure UV photoelectron spectroscopy (UV−APS), measurements were carried out with a stationary Kelvin-probe tip. The sample surface was illuminated with a 4−5 mm spot size, variable energy UV light source. The UV light generates an electron cloud from the semiconductor if hν ≥ EVB. Under atmospheric conditions, this is followed by the formation of secondary ions (N2 − , O2 − ). Then, these ions can be collected by the Kelvin-probe tip, thus a current is measured. In the case of semiconductors, a cuberoot dependence of this current was found from the excitation energy. The intersection of the baseline and the rise in the cube root of the photoemission current can be then related to the valence band of a given semiconductor. Before measurements, the Fermi level of the gold alloy-coated tip was determined by measuring the Fermi level of a reference Ag target (EFermi, Au tip = 4.61 eV). Figure S1 . Determination of bandgap energy of ITO/CuI electrodes after annealing at 150 °C for 10 min. AM1.5 equipped with a UV filter (<400nm). B: XRD pattern of a CuI layer before (black) and after (red) the long-term (8 hour) photoelectrochemical measurement. C: Diffuse reflectance spectra of a CuI layer before (black) and after (red) the long-term (8 hour) photoelectrochemical measurement. D: Raman spectra of a CuI layer before (black) and after (red) the long-term (8 hour) photoelectrochemical measurement. Table S1 : EDX measurement of a CuI layer before and after the long-term (8 hour) photoelectrochemical measurement. 
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